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Introduction
The slightest discernable stimulus change evokes an immediate response, the investigatory orienting reflex (OR), along with orientation toward the change (for a comprehensive overview see Sokolov, 1963a) . The magnitude of the OR diminishes when the same stimulus is re-presented (Sokolov, 1963a,b) , but if any perceived aspect of the stimulus is changed, the OR is reinstated (recovery) (Barry, 1996; O'Gorman et al., 1970) . Recovery is followed by dishabituation (response enhancement for the re-presentation of the original stimulus; Barry and James, 1981a; Rankin et al., 2009; Thompson and Spencer, 1966) . This hallmark OR pattern distinguishes true habituation from similar decrementing processes such as fatigue, refractoriness, and sensory adaptation (Budd et al., 1998) . The OR is also susceptible to intensity variation in the moderate range (approx. 50 to 90 dB), showing a direct proportionality to stimulus intensity (Barry, 1977a; Jackson, 1974; Sokolov, 1963b) . This involuntary or reflexive OR is evoked solely by changes in physical aspects of the stimulus such as intensity.
The SCR has proven to be the only reliable and consistent 'yardstick' of the involuntary OR, demonstrating the stimulus-response pattern required of the phasic OR: decrement (Barry, 1975, of memory and the counting process, the general attentional effect is compatible with the original Sokolovian concept of significance, including the instruction to mentally count stimuli (Sokolov, 1963b) . The ongoing process of counting stimuli and maintaining the count in memory represents cognitive load (e.g., Barry and Tremayne, 1987) . Experimenter instructions induce a predisposing state (cortical set) that 'steers' attention to significant stimuli, resulting in the voluntary OR. Directed attention manifests in prestimulus vigilance and/or poststimulus signal value. Significant stimuli have shown a slightly higher initial OR (Barry, 2004; Ben-Shakhar, 1980; Maltzman, 1990) , that remains larger over trials (Barry, 2004; Iacono and Lykken, 1983; Maltzman, 1990; Barry, 2011, 2014) , with a slower decrement to repetition (Barry, 2004; Ben-Shakhar, 1980; Iacono and Lykken, 1983, Maltzman, 1990 ).
Response fractionation of the OR
When an OR-linked determinant (e.g., novelty) is varied, different time-locked measures from various systems were initially believed to exhibit the same directional response change, demonstrating a "unitary system" (Sokolov, 1960, p. 191) . Empirically these various measures should show covariation. The idea of a unitary OR has been contradicted by data from auditory (Barry, 1977a,b) and visual protocols (Barry and James, 1981a,b) . Intensity and Significance were manipulated by Barry (1977a,b) in habituation paradigms. Measures associated closely to reflected the differing aspects of the phasic OR index: habituation over trials, and systematic variation with stimulus intensity and Significance. Since separate measures demonstrated stimulus-response patterns different to the phasic SCR, they are likely associated with preprocessing aspects of the OR rather than representing the OR per se. These findings invalidate the concept of a unitary OR.
More recent studies have affirmed the stimulus-response patterning of these measures reported earlier (Barry and James, 1981a,b; Barry, 1982 Barry, , 2009 . Preliminary Process Theory (PPT) describes aspects of pre-processing and processing of stimulus parameters leading to and generating the OR, and encompasses the fractionating stimulus-response patterns of the measures that were not compatible with the unitary concept of the OR. An above-threshold stimulus in the OR range (i.e., distinct from threshold or pain levels) receives initial processing regardless of its physical attributes, indexed by HR deceleration and cephalic vasodilation.
Encoding of novelty is marked by respiratory pause and EEG alpha desynchronisation. Stimulus magnitude is processed in parallel to novelty; this energy-related parameter is reflected in peripheral vasoconstriction (PVC). The interaction of novelty and magnitude processing generates the involuntary phasic OR for indifferent stimuli, indexed by SCR. Significance, operationalised by different cortical sets, is potentially influential on all these modules of OR pre-processing. These cortical sets, in turn, are a result of the interaction of a subject's expectations and experimenter's instructions (Barry, 1984b (Barry, , 1996 . Figure 1 depicts the sequential and parallel processing in PPT, modulated by Maltzman's cortical set (Barry, 1984b (Barry, , 1988 Maltzman, 1979 Maltzman, , 1990 . The processing units are reflected in the various measures enclosed in the dashed boxes. Table 1 is presented here to clarify the acronyms used. patterns across studies where novelty, intensity, and (to a lesser degree) Significance have been manipulated in habituation/dishabituation protocols. To ensure the elicitation of the OR rather than a defence reflex, simple stimuli in the moderate range of intensity and rise/fall times have been utilised. PPT has been generalised more recently to incorporate single-trial ERPs that align with the pre-OR and OR processing and covary with the already-established autonomic measures indexing those processes. Acknowledging the critical role of novelty in OR research, single-trial PCA-derived ERPs have been employed as central measures in long-ISI paradigms. These do not require within-subject averaging (Barry et al., 2008) , allowing novelty-based responses to be captured over the first few trials -a substantial benefit of employing long to very long ISIs.
Comparisons between measures
Nieuwenhuis et al. (2011) states that a described difference between two experimental effects (e.g., significant vs. non-significant response decrement in two dependent variables) is insufficient to claim that those measures differ in a characteristic. Testing the statistical interaction between measures and the aspect of interest (e.g., measure × trial decrement) supports alleviate the need for averaging, allowing the rapidly-decrementing response of ERPs to be 'captured' (Ritter et al., 1968; Roth, 1973) . Significance was operationalised as covertly counting stimuli rather than a button press. Within-subjects responses are more sensitive than between-subjects responses for detecting condition differences, due to less intrinsic error variance. Significance was operationalised as the counting of tones; the main effect of Significance will be examined as the difference between Count and No Count responses over the first 10 trials. We predict SCR will demonstrate the OR response pattern: response decrement to standard stimulus presentations over trials, response enhancement at the change stimulus, and an increase tore-presentation of the standard stimulus (dishabituation) (Barry and James, 1981a; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; Steiner and Barry, 2011) . The increased response to counted stimuli should be evident as a main effect of Significance over the first 10 trials (Barry, 1981 (Barry, , 1982 (Barry, , 1988 (Barry, , 2004 Barry and Rushby, 2006; Steiner and Barry, 2011) . The general ECR, with no prepared motor response requirement, should be represented as a biphasic waveform (Barry, 1988; 1996; Barry, 2009, 2010) . The initial phasic HR deceleration (ECR1) is an obligatory response to all stimuli and should show no systematic variation over trials (Barry, 1977b; 1984b,c; 1986; Barry and James, 1981a; Barry et al., 2011; MacDonald and Barry, 2014; MacDonald et al., 2015) or Significance main effect (Barry, 1977b (Barry, , 1981 (Barry, , 1982 Lawrence and Barry, 2009 ). The cardiac response to a significant stimulus is largely acceleratory and is considered to reflect the obligatory ECR1 overlaid by a hypothetical ECR2.
Because ECR2 cannot be seen separately from ECR1, it is estimated from the late acceleration. ECR2 should not decrement, but may show a slight increase over trials if cognitive load increases (Barry, 1984b (Barry, ,c, 1996 , and should reflect increased Significance from counting (Barry, 1984b,c; Kaiser et al., 2001; Lawrence and Barry, 2009; 2010) . A substantial respiratory pause should be evident for the first stimulus, show a linear decrement over trials (Barry, 1981 (Barry, , 1982 Barry and James, 1981a,b; Barry et al., 2013; MacDonald and Barry, 2014; MacDonald et al., 2015) , demonstrate recovery at the change stimulus (Barry and James, 1981a; MacDonald and Barry, 2014; MacDonald et al., 2015) , but no increased response for the dishabituation trial (Barry and James, 1981a; MacDonald and Barry, 2014; MacDonald et al., 2015) . Respiratory responses for counted stimuli are not expected to be enhanced (Barry, 1977b (Barry, , 1981 (Barry, , 1982 .
ERPs relevant to the phasic preliminary and OR processing as depicted by PPT should fall within the 600 ms latency range used previously for the temporal PCA. The P1 should be observed clearly in the raw data, emerge as a PCA-derived component, and show no decrement (MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby and Barry, 2009) . No main effect of Significance is expected (Boutros and Belger, 1999; Courchesne et al., 1975; Picton and Hillyard, 1974; Rushby and Barry, 2009 ). The N1 is not expected to show a trials effect (Barry et al., , 2013 Rushby and Barry, 2009; MacDonald and Barry, 2014; MacDonald et al., 2015) or a Significance effect (Lawrence and Barry, 2009; Näätänen, 1988) over the first 10 trials. The PN PCA-derivative exhibits a frontal topography with a narrow peak within the accepted PN latency range. Trial effects have been equivocal: decrement was found by Barry et al. (2011) but not by MacDonald and Barry (2014) or MacDonald et al. (2015) . To our knowledge no investigations have varied novelty and Significance jointly to yield a PCA-derived PN, consequently there are no predictions in regard to trial effects and Significance. The P2 is not expected to decrement over trials at these very long ISIs (Crowley and Colrain, 2004; MacDonald and Barry, 2014; MacDonald et al., 2015; Romero and Polich, 1996; Rushby and Barry, 2009) and no increase in the Count condition is expected (Rushby and Barry, 2009; Becker and Shapiro, 1980; Crowley and Colrain, 2004; Squires et al., 1975) .
In regard to the LPC subcomponents, the P3a should show no trials effects MacDonald and Barry, 2014; MacDonald et al., 2015; Pritchard, 1981; Rushby and Barry, 2009; . At very long ISIs the P3a aligns more closely with physical parameters (MacDonald and Barry, 2014; MacDonald et al., 2015) than cognitive elements, consequently no Significance effect is expected. Our predictions for the posterior P3b are based on results from OR protocols that incorporate counting of repeated identical stimuli of a fixed number. , in an auditory dishabituation paradigm at long ISIs, found that counting enhanced the P3b. In that study no motor response was required and the P3b was derived from temporal PCA. Simple manipulation of Significance in the OR context is not common. Trial decrement has been shown under similar conditions MacDonald and Barry, 2014; MacDonald et al., 2015) but with no recovery (MacDonald and MacDonald et al., 2015; . The P3b response should thus diminish over trials with no recovery and be enhanced for counted stimuli. The PCA-derived HabP3 subcomponent has proved sensitive to the first presentation of a simple stimulus -the 'newness' per se MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby and Barry, 2009 ). In habituation/dishabituation studies it has demonstrated a varied distribution. A parietally focused topography has been reported when intensity/Significance has been manipulated in conjunction with novelty (Barry et al., 2013; MacDonald et al., 2015; Rushby et al., 2005; , this contrasts to the frontally focused topography found when novelty alone was varied (Barry et al., 2016; MacDonald and Barry, 2014) . Response decrement has been the defining feature of the HabP3 (Barry and Rushby, 2006; Barry et al., 2011; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; Rushby and Barry, 2009; but not Barry et al. (2013) , along with some recovery (MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; , and possibly dishabituation (MacDonald and Barry, 2014; Rushby et al., 2005) . The observations of trial decrement and response recovery suggests novelty processing, indicating that novelty per se is the prime eliciting determinant. An effect of Significance has also been reported at long ISIs but the stimulus-response pattern of SCR was not available to affirm the Significance effect. Consequently the HabP3 should show a trial decrement, possible recovery, but no main effect of Significance. The classic SW has been identified as the early component of the SNW/O wave; the later broader component displays a general negative distribution (Rohrbaugh et al., 1978 (Rohrbaugh et al., , 1984 Zimmer and Demmel, 2000) . The SW has shown similarities to P3b, such as task and probability dependency, and overlaps the P3b in raw data (Donchin et al., 1978; Rohrbaugh et al., 1978; Squires et al., 1975) . The classic SW has been associated with the OR (Loveless and Sandford, 1974; Rohrbaugh et al., 1984; Zimmer and Demmel, 2000) .
Therefore the SW should show a trial effect (MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; Zimmer, 2006; Zimmer and Demmel, 2000 ; but not Barry et al., 2011 Barry et al., , 2013 , but no response recovery (MacDonald and Barry, 2014; MacDonald et al., 2015) . Greater SW responses are expected for counted stimuli with some right hemisphere enhancement (MacDonald et al., 2015; Rohrbaugh et al., 1984; Zimmer and Demmel, 2000; Rushby et al., 2005) .
The tonic measures of SCL and HRL have been included here to address the concern that some Significance effects may be attributed to non-specific state changes rather than stimulusrelated Significance per se (Barry, 1982; O'Gorman, 1979) . SCL has been used as a traditional arousal measure (Barry, 1982 (Barry, , 2004 Barry and Sokolov, 1993) , whereas HRL has been suggested as a more appropriate measure of preparatory prestimulus vigilance (Barry, 1996 (Barry, , 2006 Barry, 1990, 2001 ).
Methods
Participants
Thirty-two university students participated in an experimental session as one means of fulfilling a course requirement (ages 18 -60, mean 22.8 years; 25 female; 26 right-handed). The procedure was explained, after which written consent was obtained that was consistent with the joint South East Sydney and Illawarra Area Health Service/University of Wollongong Human
Research Ethics Committee approved protocol, and in line with the Declaration of Helsinki (World Medical Organisation, 1996) . A demographic and screening questionnaire was completed by all the participants, and only those with normal hearing were included. A history of psychiatric illness, seizures, or severe head injury was used to exclude participants, along with those currently taking psychoactive drugs.
Procedure
Participants in the study were seated comfortably in a dimly-lit, sound attenuated, airconditioned testing booth, and fitted with headphones. They were told that they would hear sounds occasionally over the headphones. For the Count condition participants were instructed to count silently all the tones and report the total number of tones at the end of the session. Those in the No Count condition were told they were not required to do anything but relax. All participants were asked to focus their eyes on the monitor screen, at a distance of 1.5 m, where a fixation cross was centred, try not to move or blink, and remain relaxed. An EOG calibration task involving a series of vertical, horizontal, and blink eye movements was undertaken before the presentation of tones for both blocks (Croft and Barry, 2000) .
In order to examine novelty and Significance variation, auditory stimuli of 80 dB tones at 1000 and 1500 Hz, with a duration of 50 ms (plus 15 ms rise/fall times) were presented at a randomly variable ISI of 50 -70 s. Novelty reduction was operationalised by trial repetition.
Participants received 10 tones at one frequency (standard), a change trial at the other frequency, and the original tone was re-presented on trial 12. For each participant zero, 1, or 2 standard tones were then randomly added to reduce the participants' ability to communicate details of the tone sequence. The standard/change frequencies were counterbalanced between participants.
Each randomly-assigned participant completed a series of two tasks (one in each of the two blocks): task 1 (No Count or Count) and task 2 (the other condition). The initial condition in task 1 was counterbalanced between participants.
Physiological Recording
Acquisition and storage of data was performed by a digital signal-processing hardware and software package from Associative Measurement (AMLAB II).
Electrodermal activity
Silver-silver chloride (Ag/AgCl) electrodes filled with electrode paste of 0.05 M NaCl in an inert ointment base were used to record skin conductance. These were placed on the distal volar surface of digits II and III of the non-dominant hand. A constant voltage of 0.5 V was applied to the electrode pair that formed the input circuit. The changing current that represented conductance was recorded using a DC amplifier. Skin conductance was sampled continuously at 512 Hz but only every eighth data point was recorded (at 64 Hz) to save space; interpolation back to 512 Hz was executed in Neuroscan software (Compumedics, Version 4.3).
Cardiac activity
The recording of the electrocardiogram (EKG) utilised pre-jelled disposable Ag/AgCl electrodes attached at mid-sternum and above the third rib on the left mid-axillary line. The signal was amplified × 10,000, and sampled by a 16 bit A/D converter at 512 Hz.
Respiratory activity
A piezoelectric respiration transducer mounted on a Velcro belt (Pneumotrace II, UFI) recorded the respiratory changes. Respiratory responses were sampled continuously at 64 Hz.
Electroencephalogram
EEG activity was recorded from 19 scalp sites using tin electrodes in a cap, referenced to linked ears and grounded by a cap electrode located mid-way between Fpz and Fz. Vertical eye movement (VEOG) was recorded from tin cup electrodes placed 2 cm above and below the left eye. Tin cup electrodes positioned on the outer canthus of each eye recorded horizontal eye movement (HEOG). Impedance for cap electrodes was less than 5 kΩ and for EOG and reference electrodes was less than 3 kΩ. Balance of reference impedances was carefully executed. Scalp potentials were amplified × 20,000, and EOG × 5,000, with a bandpass down 3 dB at 0.01 and 30 Hz, and digitised at a rate of 512 Hz. The EEG data were EOG corrected using the RAAA EOG Correction Program (Croft and Barry, 2000; Croft et al., 2005) .
Data Extraction
SCR
The raw SCR waveforms were segmented offline in 8 s epochs beginning at stimulus onset. Differences between the values found at response onset within the 1 -3 s post-stimulus interval (Barry, 1990 ) and the maximum value of the subsequent peak were collected for each participant and for each trial 1 -12. Square-root transformation was applied to these data to reduce the skew typically associated with small SCRs (Barry and Sokolov, 1993) .
Evoked Cardiac Response
A locally produced R-wave peak detection program that computed the R-R intervals in ms was employed to analyse EKG data. Cardiac activity was calculated in terms of mean values of HR for 0.5 s intervals relative to event onset (Velden and Wölk, 1987) . Each epoch of data commenced 2 s before stimulus onset and ended 5 s after stimulus onset. The phasic ECR consists of two additive components, an initial deceleration (ECR1) common to all stimuli, and an acceleratory ECR2 to significant stimuli. The ECR2 is reflected in the increased acceleration in the Count compared to No Count conditions. HR deceleration (ECR1) was defined as the maximum decrease in HR in the time range -.25 -1.75 s relative to prestimulus HR over the 12 trials. The longer latency ECR2 was measured as the maximum increase in HR in the time range 2.25 -4.75 s over the 12 trials.
Respiratory pause
Respiratory pause represents a relative lengthening of the respiratory period poststimulus relative to the prestimulus period. Rather than being a cessation of breathing, the pause is observed as a transient alteration of the respiratory cycle. Phasic respiratory changes were quantified as the difference in time between the periods of the cycle containing the stimulus onset and the prestimulus cycle (inspiration-inspiration); this difference was divided by the duration of the prestimulus cycle and expressed as a percentage.
Skin Conductance Level (Non-specific arousal) and Heart Rate Level
The subject's skin conductance level was defined as the average of 511 data points between -1000 and 0 ms. The skin conductance level for the Count and No Count conditions was calculated for each subject as an average across 12 trials. Heart rate level was similarly quantified for each subject as the average across trials of 2 HR data points between -1000 and 0 ms.
ERPs
Neuroscan software was used offline to process the continuous raw EEG data for the 100 ms pre-to 1000 ms post-stimulus period. The baseline of the immediate 100 ms prestimulus to stimulus onset was employed for the ERP data. Since counterbalancing was employed, possible carry-over effects may occur, and this was tested by separate MANOVAs for trials (1 to 10), recovery (trial 11 vs. 10, and dishabituation (trial 12 vs. 10) for SCR. Both a between-subject factor Order (Count first/No Count first) representing order of presentation and the within-subject factor Significance (Count/No Count) were included in these analyses. Carry-over effects would be indicated by a significant main effect or interaction involving Order.
In accordance with Nieuwenhuis et al. (2011) , differences between SCR and RP/ECR1/ECR2, along with SCR and the virtual ERP components, were examined with separate repeated measures MANOVAs using Z-scores for each subject's measures. In the case of ERPs, a subject's ERP Z-scores represented the maximum mean amplitudes at either the frontal, central, or parietal region for each component; these were used for the comparison analysis. The phasic SCR was expected to represent the benchmark OR pattern: decrement, recovery, and dishabituation, plus a Significance main effect over 10 trials. In order to capture the essence of the brief novelty influence, the measure comparison to SCR analysis is examined over the first 5 trials where decrement is expected to be most substantial (Barry, 2004; Barry and Rushby, 2006) . If a difference was found between the measure and SCR in that pattern aspect for its initial analyses (e.g., no trial effect for ECR1 and trial effect for SCR), the difference in that pattern aspect was tested with a repeated-measure MANOVA for that measure and SCR, over the relevant trials. The measure × decrement/recovery/dishabituation and/or measure × Significance was examined to test the observed differences. A significant interaction confirmed the difference between the measure and SCR for the pattern aspect; and subsequent pattern testing was not required. A non-significant interaction was interpreted as indicating that aspect of the pattern failed to differ significantly from SCR, consequently the next aspect of the stimulusresponse pattern was tested. The polarity was reversed for negative ERP components to ensure decrement, recovery, and dishabituation, were tested appropriately.
Congruence Coefficients (r c ) were calculated for the common PCA-derived components of the present study and those of MacDonald and Barry (2014) in the latency range from 0 to 500 ms. The Congruence Coefficient indicates the degree of similarity and stability across experimental conditions based on latency, rise/fall times, and response magnitude rather than topographical similarities .
No Bonferroni-type adjustment to α was necessary (Tabachnick and Fidell, 1989 ) since all contrasts in any Manova were planned and the number of contrasts did not exceed the degrees of freedom for effect. Since single degree of freedom contrasts are unaffected by the violations of sphericity assumptions common in repeated-measures analyses of physiological data, Greenhouse-Geisser type correction was not necessary (O'Brien and Kaiser, 1985) . All the reported tests have (1, 31) degrees of freedom. The effect sizes (partial η p 2 ) are suitably indicated.
A large number of independent measures are reported, and that increases the frequency of Type 1 errors. For each measure the probability of Type 1 error is the same (p = .05), so in 20
significant test results for a given measure, 1 false positive is likely to occur. The frequency of false positives in another independent measure would also be 1 in 20. For both measures together, the frequency will be 2 false positives, or 2 in 40; i.e., the probability remains at 05. Howell (1997) argues that the increased frequency of Type 1 errors is not appropriately "controlled" by alpha level adjustment.
Results
No major artifacts in the autonomic or EEG data rendered specific data unusable;
consequently data from all subjects were analysed appropriately.
SCR
The mean phasic SCR trace showed an onset latency of approx. 1.9 s and peak latency of approx. 4.1 s. Substantial response diminution over trials was apparent in a linear trend (F = 100.45, p < .001, η p 2 = .764), evident in Fig. 2 , but no interaction with Significance was found.
The SCR recovered to the change stimulus (11 > 10: F = 14.24, p = .001, η p 2 = .315) and dishabituated to the re-presented original stimulus (12 > 10: F = 10.96, p = .002, η p 2 = .261). The main effect of Significance was apparent over the first 10 trials (F = 6.92, p = .013, η p 2 = .182).
See Table 2 . In the additional analyses checking for counterbalancing effects, no significant main effects of Order or any interactions involving Order were found. Figure 2 and Table 2 Table 2 . The first 11 factors from the PCA decomposition over the -100 -600 ms latency range each carried at least 2 % of the variance and were examined, but one factor (Factor 8), a likely artefact of PCA processing at the end of the latency range, was excluded from analysis. The remaining ten components/subcomponents explained 87.1 % of the variance and were tentatively identified with respect to their peak latencies and topography: Factor 1 -classic SW at 535 ms (32.8% of total variance), Factor 2 -P3b at 296 ms (21.1% of total variance), Factor 3 -P2 at Processing Negativity (PN) at 162 ms (6.0% of total variance), Factor 6 -N1-3 at 80 ms (2.5% of total variance), Factor 7 -HabP3 at 369 ms(2.4% of total variance), Factor 9 -FSW at 410 ms (2.2% of total variance), Factor 10 -P1 at 43 ms (2.1% of total variance), and Factor 11 -P3a at 252 ms (2.0% of total variance).
Virtual ERPs consisted of the sum of these 10 identified ERP components over conditions for the 12 trials. Fig. 5 shows the comparison of these virtual and the actual ERPs.
The grand means of the virtual ERPs mirror those of the raw ERPs at the midline regions Fz, Cz, and Pz.
The rescaled factor loadings of the 10 identified components/subcomponents are presented in Fig. 6 over the time range. The grand mean headmap for each component is placed above each maximum point of the corresponding peak, together with the peak latencies. The topography of the ERP components/subcomponents over the relevant trials and the overall mean for each condition are displayed in Fig.7 . Table 2 summarises 
Discussion
Examination of the effects of novelty and Significance follows on logically from our two previous investigations, where MacDonald and Barry (2014) varied novelty alone, and
MacDonald et al. (2015) varied novelty and intensity jointly. Since the paradigm structure is comparable to those studies, the present study serves as a replication of the previous studies in regard to novelty. The manipulation of Significance was operationalised here by a simple counting task. A within-subjects Significance effect was represented as an increased response for counting vs. non-counting over trials 1 to 10.
Autonomic Response Patterns
The three defining aspects of OR habituation were demonstrated by SCR: decrement, recovery, and dishabituation; a main effect of Significance was also observed over the first 10 trials. These results are in accord with findings involving novelty from other rare auditory dishabituation studies (Barry, 1981 (Barry, , 1982 (Barry, , 2004 Barry, 2011, 2014 ) and instructions to count . Therefore, the stimulus-response pattern of all the other measures can be compared to that of the exemplar of the phasic OR -SCR.
Additional testing confirmed the absence of effects due to order of presentation (counted vs. not counted blocks) in the SCR data, indicating that we achieved an unbiased within-subject testing of Significance in this study.
The overall cardiac response was represented by both linear and cubic trends over time that described the biphasic waveform (brief deceleration followed by an extended cardiac acceleration). Further analysis over the first 2.25 s yielded a strong quadratic trend, confirming the presence of the cardiac deceleration ECR1. A Significance by Time interaction indicated that the HR increased more for the Count than the No Count condition over time in a linear fashion.
Both the ECR1 and the subsequent acceleratory component failed to decrement, however only the acceleration demonstrated a Significance effect. Both ECR deceleratory and acceleratory components differed markedly from SCR in regard to trials, and ECR1 differed for Significance (Nieuwenhuis et al., 2011 test) . The phasic ECR1 has consistently shown no trial effect (Barry, 1977a,b; Barry et al., 2011; Barry and James, 1981a; MacDonald and Barry, 2014; MacDonald et al., 2015) and no Significance dependency (Barry, 1977a ,b, 1982 , Lawrence and Barry, 2009 ).
Likewise, the overall later acceleratory component (ECR2) failed to diminish over trials, but interestingly, it apparently increased with trials; although not significant, this is directionally consistent with increasing processing load (Barry, 1996; Barry and Tremayne, 1987) . ECR2
showed a substantial main effect of Significance; this cognitive load finding is consistent with previous reports (Barry, 1984b,c; Kaiser et al., 2001; Barry, 2009, 2010) . These findings for HR deceleration support the notion of the ECR1 functioning according to PPT at an early stage of stimulus processing, pre-OR elicitation, i.e., marking the physical transient detection. The longer latency ECR2, on the other hand, appears to relate to cognitive processing, developing over trials and marking observable cognitive load variation.
Respiratory pause is not a commonly utilised measure in OR investigations, even though it has been shown to be susceptible to changes in novelty (Sokolov, 1963a) . RP decrement was represented in a linear trend over trials, consistent with earlier accounts (Barry 1977a (Barry ,b, 1981 (Barry , 1982 Barry and James, 1981a,b; Barry et al., 2013; MacDonald and Barry, 2014; MacDonald et al., 2015) . A clear recovery was also observed, establishing the selectivity of stimulus processing to novelty (MacDonald and Barry, 2014; MacDonald et al., 2015) . Dishabituation was absent, yet no significant difference was found between RP and SCR; this is consonant with recent reports (MacDonald and MacDonald et al., 2015) . No Significance effect was found here, compatible with expectations from early work (Barry 1977b (Barry , 1981 (Barry , 1982 . MacDonald and Barry (2014) compared RP with SCR with respect to all three aspects of habituation and reported no significant differences between this measure and SCR for recovery and dishabituation; These patterns provided the template for the ERPs examined.
ERP Findings
Temporal PCA between -100 ms and 600 ms permitted identification and analysis of 10 ERP components based on polarity, topography, and latency. The components were labelled tentatively in temporal order: P1, N1-3, N1-1, PN, P2, P3a, P3b, HabP3, FSW, and classic SW.
Importantly, the common LPC subcomponents were arranged in the same temporal order consistently reported in recent OR investigations: P3a, P3b, 'Novelty P3'/HabP3, and classic SW Barry et al., 2011; Barry et al., 2013; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; . To our knowledge the PCAderived FSW has not been identified previously in dishabituation studies but the latency of this component places it before the classic SW; this needs further investigation in future studies.
The P1 has exhibited a fronto-central topography (Beer and Röder, 2004 -right ear reference; MacDonald and Barry, 2014; Rushby and Barry, 2009 ). Temporal PCA-derived P1
has failed to demonstrate a trial effect (MacDonald and Barry, 2014; MacDonald et al., 2015) .
No trial effects were expected (Gillette et al., 1997; Pratt, et al., 2008) and no Significance sensitivity was predicted. The P1 here showed a central distribution dominant frontally in accord with previous reports; no decrement or main effect of Significance over the first 10 trials was evident. When P1 was compared to SCR for trial and Significance both comparisons proved significant. Placement of the P1 in Pattern 1 was based on no observable trial or Significance effect.
The N1-3 in the present study exhibited a parietal topography. Trials and Significance effects were not observed. This component has been identified as a PCA-derived component in a number of studies MacDonald and Barry, 2014) . Barry et al. (2011) , in a unique monaural auditory habituation study, examined horizontal eye movement toward the ear of stimulation as a measure of behavioural orienting, and SCR served as the phasic physiological OR index. The topography of the N1-3 was similar but more anterior to the present N1-3; the latency in that study was 77 ms, compared to 80 ms in the present study. The N1-3 found in
MacDonald and Barry (2014) showed a parieto-central topography similar to that found here, but with a latency of 94 ms. In both these previous studies the N1-3 was elicited prior to the N1-1 and demonstrated no decrement, consistent with the findings here. Näätänen and Picton (1987) had described this component as displaying a vertex topography, but more parietal and widespread than the N1-1. Their functional significance was linked to an alerting capacity of sensory association after quiescence. Future investigations in OR-type paradigms may provide greater insight into this component. The lack of decrement and insensitivity to Significance warrants the inclusion of N1-3 into Pattern 1.
The composite N1 can be characterised by a vertex dominance (Vaughan and Ritter, 1970; Rushby and Barry, 2009; Barry et al., 2013; Squires et al., 1975) , and is echoed in the PCA-derived counterpart (Rushby and Barry, 2009; Barry et al., 2013; MacDonald and Barry, 2014; MacDonald et al., 2015; Squires et al., 1975) . The N1 has been reported as novelty independent at long ISIs Barry et al., 2013; Rushby and Barry, 2009 ). The first "frontocental" component identified by Näätänen and Picton (1987, p. 386) reflects closely the composite N1 in regard to topography and associations to eliciting conditions (Näätänen and Picton, 1987) . Both the composite N1 and the N1-1 component appear more reliant on the physical aspects of the stimulus than subsequent processing (Näätänen and Picton, 1987) . In three studies (MacDonald and Barry, 2014; MacDonald et al., 2015; Barry et al., 2011 ) the identified N1-1 subcomponent showed a vertex topography; but was clearly insensitive to novelty. There are few studies examining Significance for the N1-1. Rushby and Barry (2009) , in a dishabituation protocol at very long ISIs, found no effect of instruction, but this did not involve a counting task. Consequently, no effect of trial or Significance was predicted here. Our N1-1 displayed a vertex distribution and no significant trial effect; also a main effect of Significance failed to reach significance. Comparison of N1-1 to SCR for decrement over the first 5 trials revealed a significant difference, yet these measures did not differ significantly on the Significance test; consequently the possibility of N1-1 having some Significance dependency remains open. Fig. 8 indicates that counted stimuli had a larger response than non-counted stimuli, however a sizeable variability appears to overshadow this difference. Since N1-1 decrement was not evident and the Significance effect failed to differ from that of the SCR, these results led to the N1-1 tentatively being included in Pattern 2. This placement needs further consideration in future work.
The PN is typified by a frontal and midline distribution (Näätänen, 1982) . The temporal PCA-derivative presents the same topography in the OR context MacDonald and Barry, 2014; MacDonald et al., 2015) . In the Introduction PN was shown to have exhibited variable patterns over stimulus repetition, and the present findings add to those of previous studies suggesting the PN represents an early reflexive attention-switching process. In this study the frontally-dominant PN demonstrated a trial but not Significance effect. Thus the PN was tentatively assigned to Pattern 3.
The PCA-derived P2 component has previously shown a strong central topography (MacDonald and Barry, 2014; MacDonald et al., 2015) and resistance to decrement (Crowley and Colrain, 2004; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby and Barry, 2009) . No trial or Significance effect was anticipated. The P2 component in this study showed a fronto-central topography consistent with recent reports (MacDonald and Barry, 2104; MacDonald et al., 2015) . Interestingly, the response increased non-significantly over trials, consonant with MacDonald and with MacDonald et al. (2015) where the increase was significant. A main effect of Significance over the first 10 trials was clearly evident.
The Significance effect for the P2 was not predicted and literature provides no clear foundation for this observation, especially when arousal is discounted. The absence of a decrementing trial effect and presence of a Significance effect places P2 in Pattern 2.
The P3a has consistently exhibited a central distribution Rushby and Barry, 2009; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; Squires et al., 1975) . Rushby et al. (2005) found the PCA-derived P3a to decrement over trials at long
ISIs, but trial effects have been conspicuously absent at very long ISIs (Rushby and Barry, 2009; Barry et al., 2011; MacDonald and Barry, 2014; MacDonald et al., 2015) . Although there are some reports of Significance sensitivity (Rushby and Barry, 2009; , no trial or Significance effect was predicted; both these expectations were confirmed, and hence P3a was assigned to Pattern 1.
The parieto-central P3b has emerged as a conspicuous PCA-derived component in OR studies (Barry et al., 2013; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby and Barry, 2009; Rushby et al., 2005) . Our parieto-central P3b showed decrement but no recovery, confirming predictions. We also predicted a Significance effect, but this was not evident and quite surprising. Both Figs.7 and 8 depict an initial difference in Significance that remains over the first two trials. It is possible that after some initial processing the greater proportion of the cognitive load related to counting was treated at a later stage, perhaps reflected in the SW. The finding of a decrement in the absence of a Significance effect warrants the P3b inclusion in Pattern 3.
In recent times, our laboratory has sought the novelty ERP response in single-trial data.
While the decrement over trials in the HabP3 has been consistently found, the response to Significance variation has received scant attention. We expected the characteristic decrement with a possible recovery, but a Significance effect was not predicted. The frontal HabP3 found here matched the HabP3 of MacDonald and Barry (2014) for topography and decrement, but not recovery (a suggestion of frontal recovery can be seen in Fig. 7) . No Significance effect emerged, as predicted. Comparisons with SCR for recovery and Significance both proved significantly different. Since the HabP3 showed decrement but no Significance effect, the HabP3 was grouped in Pattern 3.
The FSW was an unexpected discovery in the latency range between the HabP3 and SW.
The latency of 410 ms places it at the beginning of the broad SW yet it has a topography different to the later classic SW. The FSW matches neither of the O-wave components in regard to topography or latency (Loveless and Sandford, 1974; Rohrbaugh et al., 1984; Zimmer and Demmel, 2000) . The FSW in this study exhibited a frontal midline topography that failed to decrement. The No Count responses were greater than Count. SWs have shown some enhancement to novelty and Significance (e.g. Rohrbaugh et al., 1978) The frontally-negative and parietally-positive classic SW has been regularly reported from our laboratory in recent OR investigations utilising temporal PCA Barry et al., 2013; MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005) . Such a SW occurring near the end of an epoch may simply be an outcome of the autocorrelation of EEG time-series data (Kayser and Tenke, 2003) , but this component with similar topography has been reported at similar latencies over 150 ms before the end of longer PCA epochs (Rushby et al., 2005; Barry et al., 2011) . Generally, the SW, in raw data and as a temporal PCA component, has demonstrated decrement as a main effect or a topographic interaction MacDonald and Barry, 2014; MacDonald et al., 2015; Rushby et al., 2005; Zimmer and Demmel, 2000) , with no recovery (MacDonald and MacDonald et al., 2015) .
Accordingly, decrement in the absence of recovery, and some effect of Significance, were predicted. Our PCA-derived SW demonstrated the decrement over trials as expected and no recovery. However, comparison of the SCR and SW indicated no difference for recovery or dishabituation, so neither recovery nor dishabituation can be definitively ruled out. The classic SW showed a main effect for Significance and also enhancement in the right hemisphere as predicted. Right hemisphere dominance has been linked to the orienting response (Maltzman, 1979; Rohrbaugh et al., 1984; Zimmer and Demmel, 2000) . The classic SW has been included in Pattern 4 based on decrement and Significance effects.
Both SCL and HRL were examined to address the possibility that Significance effects were produced by state changes. No significant state differences between conditions were found across trials 1-12. Therefore non-specific arousal, as indexed by SCL, did not produce the Significance effects in this study, nor was there any evidence of prestimulus vigilance differences suggested by HRL. Hence the enhanced responses associated with counting can be solely and directly attributed to Significance.
ERP Component Patterns
The ERP components/subcomponents and autonomic measures have been grouped provisionally into 4 patterns. Stimulus-response patterns were used to decide on each measure's inclusion in a pattern. Pattern 1 is characterised by insensitivity to both novelty and Significance:
ECR1, P1, N1-3, P3a, and FSW. The independence from novelty has grouped ECR1, P1, and N1-3 together across three studies (here and MacDonald and MacDonald et al., 2015) ; but note N1-3 was not found in MacDonald and . The clustering of these measures in Pattern 1 supports the notion of an early stage of stimulus processing in the OR context, based on the variation of physical parameters, akin to transient detection.
Pattern 2 measures show no decrement over trials, but sensitivity to stimulus Significance: ECR2, N1-1, and P2. ECR2 has been linked previously to cognitive load Barry, 2009, 2010) and the P3a has shown some sensitivity to executive processing (Rushby and Barry, 2009; The number of patterns equalled the combinations of novelty and Significance, and a separate autonomic measure was found to group into each of the four patterns. This configuration is consistent with the modules of processing proposed in PPT and the notion that autonomic measures serving as their indices have matching ERP counterparts.
Congruence coefficients confirmed the between-studies similarity and stability of the matched PCA-derived ERP components. Inspection of the topographies in Fig.9 also reveals close matches of the component pairs, and the latency order of the LPC subcomponents has been preserved: P3a, P3b, HabP3, and classic SW. Together these indicate stable ERP components in the OR in these two dishabituation studies.
Conclusion
We have extended the examination of the OR determinants investigated by MacDonald and and MacDonald et al. (2015) by varying novelty and Significance jointly. SCR showed all the defining aspects of the phasic OR examined here and was used as the OR 'yardstick' to assess each measure in relation to the OR. Tonic SCL and HRL data addressed the possible effects of arousal and vigilance. No differences in these tonic measures over conditions were found, demonstrating that the Significance effects found here can be attributed directly to the Significance manipulation alone. The emergent four stimulus-response patterns were based on the defining aspects of OR habituation and Significance. Once again ECR1 has shown the critical aspects of early stimulus processing and four ERPs emerge as possible central matches, thus furthering the development of PPT. Novelty sensitivity was demonstrated by RP, PN, P3b, HabP3, and the classic SW. Significance effects were found in ECR2, P2, and classic SW. The lack of a Significance effect in the P3b and the possibility of that effect in N1-1 were both surprising results that require confirmation by replication, along with the anomalous Significance effect for P2.
The response pattern of the classic SW in this study and in MacDonald and and MacDonald et al. (2015) 
